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popnea index at least twice as high in the supine position as in the lateral position.
Whether a positional OSA patient persistently has positional OSA in the follow-up period
is unknown. This study was conducted to investigate the maintenance of the positional
effect on OSA patients and the predictors of changing from positional OSA to nonposi-
tional OSA.
Methods: Patients who were diagnosed to have positional OSA were screened for a follow-
up polysomnography (PSG), which evaluated the effect of the same lateral position as
baseline PSG on the severity of OSA. Those who met the criteria of positional OSA in both
PSGs were classified as the unchanged group, the others were classified as the changed
group.
Results: Seventy-eight positional OSA patients were enrolled in the final analyses. Twenty-
seven of the enrolled patients (35%) were changed to nonpositional OSA patients in the
second PSG. A higher apnea index in the lateral position was found in the changed group
compared with that in the unchanged group (p Z 0.02). Logistic regression also showed
that the apnea index in the lateral position was the only independent predictor of chang-
ing from positional OSA to nonpositional OSA in the follow-up PSG (odds ratio Z 1.13,
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Obstructive sleep apnea (OSA) affects approximately
9e28% of middle-aged adults in developed countries, and is
an independent risk factor for cardiovascular morbidity and
poorer health outcomes in several disorders.1e3 At present,
OSA is diagnosed by polysomnography (PSG), which is
measuring and analyzing electrographic physiological sig-
nals during sleep.4 The apneaehypopnea index (AHI),
defined as the average number of apnea and hypopnea
events per hour during sleep, is used to define the disorder
and evaluate the severity of OSA.4,5
Positional OSA was first described by Cartwright6 in 1984
and is defined as an AHI at least twice as high in the supine
position as in the lateral position. Since the introduction of
Cartwright’s criteria, several other criteria have been
proposed by other investigators, such as “an AHI of less
than 5/h while in the nonsupine position as well as a
decrease in the AHI by more than 50%” by Mador et al,7 “a
supine AHI  10/h, together with a lateral AHI < 10/h” by
Marklund et al,8 and “overall AHI  15/h, supine
AHI  twice the nonsupine AHI, with  20 minutes of sleep
in supine and nonsupine postures and nonsupine AHI < 15/
h” by Bignold et al.9 The prevalence of positional OSA
among all OSA patients has been reported to range from
26.7% to 74.5%.7,10e14 In general, positional OSA is diag-
nosed according to the AHI at different positions in PSG.
Positional therapy is an alternative option for OSA
treatment. Positional therapy being relatively more
convenient and comfortable, its compliance is better than
that of continuous positive airway pressure (CPAP) treat-
ment.15 However, the long-term benefit of positional
therapy on outcomes of OSA patients is unclear. Further-
more, whether a positional OSA patient remains to be a
positional OSA patient in the follow-up period is unknown.
This study was conducted to investigate how many posi-
tional OSA patients will change to nonpositional OSA pa-
tients in the follow-up PSG and what the predictors of
changing from positional OSA to nonpositional OSA are from
the baseline PSG.
Methods
Study design and setting
This retrospective analysis was performed using the pooled
PSG database at a teaching hospital in Taiwan. The National
Health Insurance System covers PSGs in Taiwan. OSA pa-
tients are required to undergo PSGs periodically (at in-
tervals of 6 months to 2 years, depending on their severity
of OSA) if they want to qualify for or continue disabilityhou Y-T, et al., Pay attention to t
ociation (2016), http://dx.doi.orgcertification. Thus, we had repeated PSG results from pa-
tients in our laboratory database. No split-night PSG was
performed in our laboratory, and all results were from full-
night PSG.
Patient selection
This study was approved by the Research and Ethics Com-
mittee of Chang Gung Memorial Hospital, Taiwan (IRB
102e4270B). Patients 20 years and older with PSG per-
formed between January 2010 and December 2011 were
screened for positional OSA. We excluded patients with an
AHI of <15/h, those without 20 minutes of sleeping
duration in both the supine and the lateral position during
PSG, and those who did not meet the criteria of positional
OSA (Figure 1). All positional OSA patients were screened
for a follow-up PSG. A total of 84 patients had the follow-up
PSG, which was with 20 minutes of sleeping duration in
both the supine position and the same lateral position as
the baseline PSG. Six of these patients underwent repeated
PSG for postsurgical treatment follow-up and were
excluded from final analyses.
Definition of positional OSA
The positional OSA defined by Cartwright6 is an AHI at least
twice as high in the supine position as in the lateral posi-
tion. However, when reviewing the patient’s PSGs, we
found that many patients were in the lateral position for a
few minutes, which had a significant influence on the value
of AHI in the lateral position. Only Bignold et al9 defined the
minimal required duration for the supine and nonsupine
positions in their report. Referring to studies by Cartwright6
and Bignold et al,9 the definition of positional OSA in our
study was an AHI at least twice as high in the supine posi-
tion as in the lateral position, with 20 minutes of sleep in
supine and nonsupine postures.
Definition of the unchanged and changed groups
The patients who met the criteria of positional OSA in both
baseline and follow-up PSGs were classified as the un-
changed group, and those who did not qualify as positional
OSA patients in the follow-up PSG were classified as the
changed group.
Confounding factors
To investigate the possible confounding factors that may
have resulted in the change from positional to nonposi-
tional OSA, the interval between two PSGs, changes of bodyreating a subgroup of positional obstructive sleep apnea patients,
/10.1016/j.jfma.2016.06.007
Figure 1 Flowchart of patient selection. AHI Z apneaehypopnea index; AI Z apnea index; OSA Z obstructive sleep apnea;
PSG Z polysomnography.
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rameters between the baseline and follow-up PSGs were
examined. A history of CPAP treatment before the baseline
PSG or that started between two PSGs was confirmed from
chart records.
Polysomnography
Standard PSG equipment and scoring protocols were used
as previously described.16 Briefly, the patient’s position
and movement were detected by a built-in three-dimen-
sional sensor to measure body position and movement,
and the sensor was fixed on the respiratory plethysmog-
raphy band over the anterior chest wall during PSG. This
sensor measured the gravitational field of the earth to
produce two channels that described both position and
movement of the patient. Thus, body positions were
divided into supine, left lateral, right lateral, prone, and
upright positions. Other measures included four electro-
encephalogram channels (O1/A2, O2/A1, C3/A2, and C4/
A1), bilateral electro-oculograms, chin and left and right
anterior tibial electromyograms, electrocardiogram,
airflow (using both a nasal pressure transducer, and nasal
and buccal thermistors), chest and abdominal wall
movements (using inductive respiratory plethysmography
bands), snoring (using a neck microphone), and arterial
oxygen saturation (SpO2, using pulse oximetry). All mea-
surements were collected with a computerized sleep
system (Somnologica Studio 3.0; Medcare, Reykjavik,
Iceland). According to the recommendations of the
American Academy of Sleep Medicine, apnea was defined
as cessation of airflow for at least 10 seconds.4 Hypopnea
was defined as an abnormal respiratory event with at least
a 30% reduction in airflow compared with the baselinePlease cite this article in press as: Chou Y-T, et al., Pay attention to t
Journal of the Formosan Medical Association (2016), http://dx.doi.orgvalue, and lasting for at least 10 seconds with 4% oxygen
desaturation or an arousal.4 The baseline was defined as
the mean amplitude of the three largest breaths in the
2 minutes preceding the onset of the event.4 The apnea
index (AI) and hypopnea index were defined as the
numbers of apnea and hypopnea events per hour of total
sleep time, respectively.4 In addition, the AHI, AI, and
hypopnea index in the supine and lateral positions were
also calculated individually.
Statistical analysis
The chi-square test and independent t test were used to
compare categorical and numerical variables, respectively,
between the unchanged and changed groups. Repeat
measurement analysis of variance was used to compare the
follow-up study with the baseline study. Multivariate for-
ward conditional logistic regression analysis was used to
estimate the independent predictors of changing from po-
sitional OSA to nonpositional OSA. Except “percentage of
patients having sleep with REM stage in the lateral posi-
tion,” only baseline characteristics with p  0.30 were
included in the regression model. Data were analyzed using
PASW Statistics 18 (SPSS Inc., Chicago, IL, USA). Data were
represented as percentage for categorical variables and
mean  standard deviation for numerical variables. All
tests were two tailed, and a p value of <0.05 was consid-
ered to be statistically significant.Results
Three hundred and eighty-four of 532 (72%) moderate-to-
severe OSA patients in our laboratory met the criteria forreating a subgroup of positional obstructive sleep apnea patients,
/10.1016/j.jfma.2016.06.007
Table 1 Comparison of baseline characteristics among
positional OSA patients who were excluded from or included
in final analyses.
Excluded
(n Z 306)
Included
(n Z 78)
p
Male (%) 84.3 84.6 >0.99
Age (y) 50.7  12.5 53.0  12.0 0.16
BMI (kg/m2) 28.0  4.6 28.8  4.5 0.14
AHI (/h) 39.6  19.5 42.4  19.4 0.26
AHI in lateral (/h) 15.5  14.7 16.5  13.6 0.59
AHI in lateral/AHI
in supine (%)
26.0  20.3 24.7  14.7 0.53
AHI Z apneaehypopnea index; BMI Z body mass index;
OSA Z obstructive sleep apnea.
4 Y.-T. Chou et al.
+ MODELpositional OSA (Figure 1). Seventy-eight of these 384 (20%)
patients who had a follow-up PSG to evaluate the effect of
the same lateral position as the baseline PSG on OSA
severity were included in final analyses. No significantTable 2 Comparison of baseline characteristics between
the changed and unchanged groups of positional OSA
patients.
Changed
(n Z 27)
Unchanged
(n Z 51)
p
Male (%) 89 82 0.53
Age (y) 52.8  11.4 53.1  12.4 0.94
BMI (kg/m2) 28.6  4.7 29.0  4.5 0.76
AHI (/h) 43.1  23.2 42.0  17.3 0.81
Total sleep time (min) 280  45 277  60 0.84
Sleep efficiency (%) 78.3  11.4 78.4  14.0 0.96
REM duration (%) 10.2  5.4 10.9  5.2 0.59
N1 duration (%) 42.5  10.6 41.4  11.1 0.68
N2 duration (%) 23.2  12.4 24.3  13.0 0.73
N3 duration (%) 2.4  3.2 1.8  2.9 0.47
Duration in supine (min) 138.3  72.7 159.2  74.3 0.24
Duration in lateral (min) 91.1  59.0 81.3  47.0 0.43
AHI in supine (/h) 63.0  30.7 61.7  23.6 0.84
AHI in lateral (/h) 19.8  16.4 14.8  11.7 0.17
AHI in supine/AHI in
laterala
5.1  0.9 11.4  3.6 0.22
AI in supine (/h) 81.7  75.0 80.1  64.1 0.92
AI in lateral (/h) 16.0  21.2 4.8  11.5 0.02
HI in supine (/h) 53.0  43.1 68.4  45.2 0.15
HI in lateral (/h) 18.5  22.1 18.2  21.2 0.96
Patients having sleep
with REM stage in
the supine
position (%)
67 80 0.27
Patients having sleep
with REM stage in
the lateral
position (%)
52 63 0.47
AHI Z apneaehypopnea index; AI Z apnea index; BMI Z body
mass index; HI Z hypopnea index; OSA Z obstructive sleep
apnea; REM Z rapid eye movement.
a Four patients with AHI in the lateral position being 0/h were
not included in analyses (one patient in the changed group and
three in the unchanged group).
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included and excluded patients (Table 1).
Surprisingly, 27 of 78 (35%) positional OSA patients
became nonpositional OSA patients in the follow-up PSG.
Table 2 shows the comparison of baseline characteristics
and PSG results between the changed and unchanged
groups. No difference in baseline characteristics was found
between the two groups. Among PSG results, only AI values
in the lateral position in the changed group were calculated
to be higher than those in the unchanged group (AI in the
lateral position in the changed group vs. that in the un-
changed group, 16.0  21.2/h vs. 4.8  11.5/h, pZ 0.02).
Table 3 shows the possible confounding factors resulting
from differences between baseline and follow-up PSGs. No
difference in change of body weight and neck circumfer-
ence was found between the two groups. Although shifting
from sleep in the N2 stage to sleep in the N1 stage was more
significant in the unchanged group than in the changed
group, changes of duration in unsteady sleep (N1 stage plus
N2 stage) remained similar in the two groups (Table 3).
From chart records, patients who were already undergoing
CPAP treatment before the baseline PSG study showed
similarities between the two groups (unchanged group vs.
changed group, 41% vs. 37%, p > 0.5), and all of them
continued the CPAP treatment during the follow-up period.
However, the compliance rates of CPAP treatment were not
available. Figure 2 shows the changes of AHI, AI, and
hypopnea index at different positions and in different
groups. The AHI values in both the supine and the lateral
position remained consistent. The most significant differ-
ence was an increased AHI in the lateral position in the
changed group, resulting from both increased apnea and
increased hypopnea episodes.
Logistic regression analysis was performed to evaluate
the independent predictors of changing from positional OSA
to nonpositional OSA. The Hosmer and Lemeshow goodness-
of-fit test showed that the logistic model fits well
(pZ 0.37). Logistic regression showed that AI in the lateral
position was the only independent predictor of changing
from positional OSA to nonpositional OSA (R2 Z 0.15, odds
ratio Z 1.14, 95% confidence interval Z 1.04e1.24;
p Z 0.003). Positional OSA patients who had a higher AI in
the lateral position had a higher probability of changing to
nonpositional OSA patients in the follow-up period.Discussion
In this study, we found that about one-third of positional
OSA patients changed to nonpositional OSA patients within
a period of about 1.5 years. The AI in the lateral position
was the independent risk factor of changing from positional
OSA to nonpositional OSA in the second PSG.
The prevalence of positional OSA was about 56% in all
OSA patients.17 A higher prevalence (72%) of positional OSA
was found in our study, and racial difference was sus-
pected. The reported prevalence of positional OSA was
26.7e55.9% in the Caucasian population,7,12,13 and it was
69.3e74.5% in the Asian population.10,11,14 Our study pro-
vided an additional support for the influence of race on
positional OSA. A shorter and steeper anterior cranial base
and more posteriorly positioned mandible (retrognathia)reating a subgroup of positional obstructive sleep apnea patients,
/10.1016/j.jfma.2016.06.007
Table 3 Comparison of possible confounding factors from follow-up PSG between the changed and unchanged positional OSA
patient groups.
Changed
(n Z 27)
Unchanged
(n Z 51)
p
Interval (mo) 18.4  8.2 20.9  9.0 0.24
Change of body weight (kg) 1.0  4.7 0.4  3.8 0.52
CPAP treatment (%) 44 45 >0.99
Change of NC (cm) 1.4  2.4 1.2  2.3 0.73
Change of total sleep time (%) 0.5  23.3 6.1  20.1 0.27
Change of sleep efficiency (%) 3.4  17.4 6.6  18.9 0.47
Change of supine duration (%) 39.5  137.3 20.5  77.4 0.44
Change of lateral duration (%) 38.4  164.3 33.5  94.6 0.87
Change of REM duration (%) 1.1  7.2 0.5  6.7 0.31
Change of N1 duration (%) 1.1  16.3 8.1  16.7 0.02
Change of N2 duration (%) 1.4  14.0 12.3  15.3 <0.01
Change of N1 þ N2 duration (%) 4.8  17.4 8.2  18.8 0.44
Change of N3 duration (%) 0.5  5.0 1.2  3.9 0.12
Change of AHI in REM stage (%) 23.3  87.6 37.1  159.7 0.68
AHIZ apneaehypopnea index; CPAPZ continuous positive airway pressure; NCZ neck circumstance; OSAZ obstructive sleep apnea;
PSG Z polysomnography; REM Z rapid eye movement.
Figure 2 Changes of respiratory events in the changed and unchanged groups by different positions. * p < 0.05, comparing the
follow-up study with the baseline study. ** p < 0.01, comparing the follow-up study with the baseline study.
AHI Z apneaehypopnea index; AI Z apnea index; HI Z hypopnea index.
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cranial base and retrognathia may indicate a prolate airway
that easily collapses in the supine position compared with
the lateral position, and may be the reason of higher po-
sitional OSA in the Asian population.
The gold standard therapy for OSA is CPAP therapy.5
However, patients’ compliance with CPAP therapy is
generally low,19e21 and positional therapy is offered to
many OSA patients.5,17,22 Importantly, our results showed
that despite no significant change of body weight and neck
circumference, one-third of positional OSA patients would
change to nonpositional OSA patients in the follow-up
period. Positional therapy might have no beneficial effect
on the outcomes in these patients, and other treatments,
especially CPAP treatment, are strongly recommended for
them. Fortunately, our study demonstrated that a high AI in
the lateral position can help us identify these hazardous
positional OSA patients.
Some confounding factors may be criticized for changing
from positional OSA to nonpositional OSA, such as treat-
ment intervention, changing anatomy, and changes of sleep
architectures. Thus, we excluded patients who received
surgical intervention over the upper airway area during the
follow-up period. Percentages of patients who received
CPAP treatment (before the baseline PSG and between two
PSGs) were not different between the two groups. The
changes of body weight, neck circumstance, and sleep ar-
chitectures were also compared between the two groups
(Table 3). None of them was an independent factor when
analyzed by a logistic regression model.
The other challenge of our study is that the sensor used
to detect the body position was placed over the anterior
chest wall, and may not represent the true position of the
head and pharyngeal airway. However, detection of the
head position is rare in a clinical setting, and detection of
the trunk position (regardless of detection by a digital re-
cord sensor or direct observation from a camera TV
monitor) is still the most common procedure world-
wide.7,9,12,13 In addition, the definition of positional OSA by
Cartwright6 and subsequent investigators was made ac-
cording to the trunk position. Thus, we think that using the
trunk position to define positional OSA and estimate the
predictor is more useful clinically.
Changing from positional OSA to nonpositional OSA may
be caused by a decrease in AHI in the supine position or an
increase in AHI in the lateral position. No significant
change of AHI in the supine position was found in our pa-
tients in both the changed and the unchanged group. Po-
sitional OSA patients who changed to nonpositional OSA
patients had an increased AHI in the lateral position. Since
our study was conducted by retrospective chart reviewing,
the pathogenesis of changing from positional OSA to non-
positional OSA could not be answered. Per the report from
Permut et al, in patients with positional OSA, the night-to-
night variability in the non-supine AHI is minimal.22
Therefore, our findings might not be explained by night-
to-night AHI variability in lateral position.Further studies
to investigate the changes of upper airway structure and
the changes of nerve activity and muscle tone in positional
OSA patients are needed.
In this study, we excluded mild OSA patients (AHI < 15/
h). Fifty-four (69%) of our patients were severe OSAPlease cite this article in press as: Chou Y-T, et al., Pay attention to t
Journal of the Formosan Medical Association (2016), http://dx.doi.orgpatients (AHI > 30/h in the baseline PSG). In subgroup
analyses, the lower AI in the lateral position in the un-
changed group than that in the changed group remained
statistically significant in severe positional OSA patients
(p < 0.01), but was no longer statistically significant in
moderate positional OSA patients (p Z 0.61). Thus, our
results may not be extended to mild and moderate posi-
tional OSA patients.
One-third of positional OSA patients will change to
become nonpositional OSA patients in the second PSG. Po-
sitional OSA patients who had a high AI in the lateral posi-
tion should be closely monitored if only positional therapy
was applied. The changes may attenuate the beneficial
effects of positional therapy on the outcomes of positional
OSA patients. Investigators who want to study the long-
term effect of positional therapy on the outcomes of po-
sitional OSA patients need to consider this point.References
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